Background: We aimed to determine whether patients with arthroscopically repaired rotator cuff (RC) tears would have reduced pain and improved function after ultrasound-guided platelet-rich plasma (PRP) injections compared with placebo injection.
R otator cuff (RC) tears are a common cause of shoulder pain. 4, 18 With a rapidly aging population, degenerative RC tears will become an increasingly prevalent clinical problem. 15 Surgery can improve patient outcome, but impaired healing, surgical site infection, shoulder stiffness, and iatrogenic tendon injury have a relatively high prevalence at approximately 6% to 11%. 20 Postoperative RC re-tears have been shown to occur in 11% to 94% of RC repairs, depending on the size of the tear and the level of tendon degeneration. 9, 21 There is a recent trend in using whole blood and its derivatives to promote the healing process and decreased pain associated with tendon tears. 2, 8 Platelet-rich plasma (PRP) contains high concentrations of platelets that, once activated, undergo degranulation to release growth factors with healing properties. 1 These growth factors include, but are not limited to, platelet-derived growth factor, which stimulates cell mitosis; transforming growth factor β, which is implicated in collagen synthesis and morphogenesis; and vascular endothelial growth factor, which helps induce endothelial cell proliferation and migration, thus initiating the angiogenic response. 11, 19, 22 Furthermore, platelets have been identified to have analgesic properties by releasing proteaseactivated receptor 4 peptides. 2 In 2010, at the beginning of the current study, no randomized controlled trial had been completed examining the effect of PRP on arthroscopic RC repair surgery.
The primary objective of the current study was to determine whether patients treated with arthroscopic RC repair receiving either PRP or normal saline (placebo) intraoperatively and postoperatively at 4 weeks experienced less perioperative pain, as measured by the visual analog scale (VAS). Secondary objectives aimed to evaluate the effect of PRP versus normal saline on function and health-related quality of life metrics in the perioperative period and compare the rates of adverse events and revision surgeries. The primary hypothesis for this study is that PRP compared with placebo was more effective in reducing pain at the site of a RC injury that has undergone arthroscopic repair.
Methods

Study Overview
We conducted a prospective, randomized, controlled, double-blind trial comparing PRP and normal saline (placebo) in patients undergoing arthroscopic RC repair. In this study, "double-blind" includes study patients and data analyzers, including the Central Adjudication Committee (CAC). Prior to the initiation of this study, approval (REB #10-403) was obtained from the McMaster University / Hamilton Health Sciences Research Ethics Board. Two surgeons (K.R. and O.A.) at 2 clinical centres within Hamilton Health Sciences (McMaster University Medical Center and Hamilton General Site) participated in this study. Briefly, patients with RC tears who provided informed consent were randomized to receive either PRP or normal saline during their arthroscopic RC repair surgery and at 4 weeks after their arthroscopy procedure. Patients completed demographic and baseline questionnaires prior to their surgery. Patients were assessed at 2, 4, and 6 weeks postoperatively ( Figure 1 ). The study aimed to include 50 patients based on an initial power calculation; however, a prespecified interim analysis was conducted after 50% recruitment to evaluate efficacy and statistical power. At the time of the interim analysis, it was determined that for a statistically significant difference in VAS pain score between the treatment and control groups, based on the current scores, a much larger sample would be required. The study stopped because of futility. 
Patient Recruitment and Eligibility Criteria
All patients scheduled for arthroscopic RC repair surgery with the participating surgeons during the recruitment period, from October 2010 to July 2012, were screened for eligibility. Reasons for ineligibility were documented. Patients were enrolled in the study if they met the criteria outlined in Table 1 . A blinded CAC, composed of 3 orthopaedic surgeons (M.B., J.M., and D.P.), independently assessed patients whose eligibility was in doubt to confirm their eligibility.
Randomization
Eligible patients providing informed consent were randomized prior to surgery using an Internet-based randomization system to ensure concealment of patient allocation. Random variable block sizes were used to avoid an imbalance in the number of patients assigned to each treatment group. Patients were randomized to have their RC tear repairs augmented with either PRP or normal saline (placebo), receiving injections intraoperatively and again at 4 weeks postoperatively.
Operative Technique
All operations were performed under general anesthesia, with patients positioned in the beach chair position. Surgery commenced with a diagnostic arthroscopy of the glenohumeral joint. The cuff tear size was evaluated using a calibrated probe. A full subacromial bursectomy was performed. An acromioplasty was performed with release of the coracoacromial ligament and bony overhang of the acromion. The greater tuberosity was then further prepared. Next, a small awl was hand-tapped to make the pilot hole in the greater tuberosity for an Arthrex 5.5-mm BioCorkscrew suture anchor insertion. The anchor was then inserted in the mid-greater tuberosity footprint area. Each anchor was double loaded with number 2 Fibrewire sutures. One anchor was inserted for each centimeter of the supraspinatus and/or infraspinatus tear that required repair. The repair incorporated any delaminated areas. A single row repair was performed.
Platelet-Rich Plasma Preparation and Trial Interventions
PRP was prepared using the Arthrex Autologous Conditioned Plasma (ACP) Double Syringe System (Arthrex, Inc). This system allows for rapid and efficient concentration of platelets and growth factors from autologous blood for use at the treatment site.
The surgeon performed the intraoperative injection of either the prepared PRP or normal saline under direct visualization. Patients with an associated dislocation at the time of randomization Rotator cuff tears that underwent prior surgical repair or revision arthroscopy Nonsurgical rotator cuff-associated treatment in the 1 month prior to randomization including corticosteroid injection and anti-inflammatory treatment Prior platelet-rich plasma injection Preexisting conditions associated with upper extremity pain, including arthritis, ongoing infection, carpal tunnel syndrome, cervical neuropathy or other nerve pathology, local malignancy, and systemic disorders (eg, uncontrolled diabetes, hypothyroidism) Gross shoulder instability Active infection Pregnant or plan to become pregnant in the next 12 months Preoperative platelet count less than 125,000 and preoperative hemoglobin of 7.5 g/dL or less Likely problems with follow-up (eg, patients with no fixed address, report a plan to move out of town, or intellectually challenged patients without adequate family support) Do not read and speak English In another ongoing trial that would interfere with the assessment of the primary or secondary outcomes Any other reason (in the judgment of the surgeon)
Patients randomized to the normal saline group received a normal saline injection (6-9 mL). For patients randomized to the PRP group, half of the PRP volume (6-9 mL total volume) was injected directly into the RC tendon under direct visualization in several positions along the repair site (articular side). The injecting needle was then placed in the subacromial space, and all instrumentation was removed before performing the skin closure. After the skin closure, the subacromial space was suctioned of residual fluid, and the remaining PRP (3-4.5 mL) was injected into the subacromial space.
At the 4-week visit, under ultrasound guidance, the second PRP or normal saline injection (depending on randomization) was administered by the attending surgeon, trained to use a SonoSite Ultrasound (Bothwell). Blood draw was performed using an 18-to 20-gauge needle for all patients to maintain blinding. A 3-mL lidocaine skin injection was first administered to raise a skin wheal. Using a 22-to 25-gauge needle, 1 to 2 mL of the randomized product was injected at the supraspinatus tendon-bone interface, and the rest was injected on top of the supraspinatus tissue in the subacromial space (2-3 mL).
Postoperative Care
Patients were all discharged home on the day of surgery. The use of an ice pack was recommended, and Percocet was permitted for the first 48 hours postoperatively. All other postoperative pain management methods were avoided, including regional nerve blocks, pain pumps, and injections of any pain medication. Standard physiotherapy guidelines were followed.
Patient Follow-up
Patients were assessed in the perioperative period by their attending surgeon at 2, 4, and 6 weeks postsurgery. The patients completed the VAS for pain and quality of life and functional questionnaires at each of these clinic visits. They were also asked about adverse events and reoperations, and this information was verified by their surgeon and by a review of their medical records.
Outcome Measures
The primary outcome was change in pain severity, measured using a VAS at 6 weeks postsurgery. Patients were asked to rate their worst pain in their shoulder for the previous 24 hours on a 10-cm vertical scale, with "0" indicating no pain at all and "10" indicating the worst pain the patient could imagine. The VAS is considered to be a sensitive measure that is able to detect small changes in an individual's perception of pain severity. 5 This instrument is widely used and considered a more valid determinant of increases or decreases in pain over time than a questionnaire with a select number of responses, with good construct validity and high internal consistency. 5 Secondary outcome measures include the EuroQol-5 Dimensions (EQ-5D), the Western Ontario Rotator Cuff Index (WORC), and the Disabilities of the Arm, Shoulder, and Hand Score (DASH) administered prior to the surgical intervention and at 2, 4, and 6 weeks postsurgery, as well as incidence of revision surgeries and adverse events.
Briefly, the EQ-5D is a comprehensive, compact health status classification and health state preference system. 16 This questionnaire is widely used and has demonstrated validity and sensitivity in many populations. It is scored from -0.11 to 1.0, wherein 1.0 is perfect health and 0 is death. 6 The WORC is a self-administered, 21-item questionnaire that assesses 5 domains, including pain and physical symptoms, sports and recreation, work function, social function, and emotional function. This instrument is a valid, reliable, and responsive measure of outcome specific to RC injuries. 12, 16, 17 The DASH is a 30-item, self-reported questionnaire designed to measure physical function and symptoms in patients with musculoskeletal disorders of the upper limb. In addition to its wide use in evaluating function in orthopaedic patients, the DASH has been extensively validated and is a reliable and responsive measure. 3, 10, 13 Any adverse events and complications deemed related to the affected shoulder by the reporting surgeon were documented. Revision surgeries were defined as any secondary operative procedures at the affected shoulder site. Planned secondary interventions from initial surgical procedures were not considered outcome events.
Adjudication of Adverse Events
The blinded CAC reviewed all reoperations and adverse events to see if they were related to the injected product and to be considered an outcome event. After independent assessment, consensus was reached for each decision.
Data Analysis
Statistical analyses were completed using SPSS for Windows 20.0.
14 Descriptive statistics (frequencies for dichotomous data and means and standard deviations for continuous data) were calculated to describe the demographic characteristics of the patients. A t test was completed at 6 weeks for each of the 4 outcome measures to determine whether there was a significant difference in the mean scores between the saline group and the PRP group. A Levene test was completed first to determine whether to assume variance between the groups. The results of the Levene test for equality of variances are also provided. Analysis included t values, significance (P) values, mean differences, and 95% confidence intervals. A t test was also completed for mean difference comparing scores at 2 weeks postoperatively to those at 6 weeks postoperatively to determine whether there was a significant increase or decrease in scores when comparing the 2 groups.
Results
Seventy-seven patients were screened from October 2010 to July 2012. Of these, 52 were excluded and 25 patients met the study inclusion criteria and agreed to participate. The 25 patients were randomized to PRP (12 patients) and normal saline (13 patients) groups. All patients received the treatment they were randomized to. At the time of the interim analysis, 24 patients were followed until 6 weeks (12 PRP, 12 saline); 1 patient was lost to follow-up after the 4-week visit (Figure 2) . The CAC assessed eligibility in a blinded manner and determined that 5 patients were treated for tears larger than 3 cm (2 PRP, 3 saline). One of these 5 patients also had prior surgical repair. These patients were included in the primary analysis according to the intention-to-treat principle. An exploratory analysis was conducted with these 5 patients excluded.
Demographics
The mean age of the study participants was 55 ± 6.4 years, and that patient age range was similar across the treatment groups ( Table 2 ). There were 19 men and 6 women, and sex was also distributed similarly across the treatment groups. Fifteen patients had an RC tear in their dominant arm. All patients had either a degenerative RC tear (48%) or a traumatic tear (52%), and the type of tear was distributed evenly across the treatment arms. In 7 cases in the PRP group and 6 in the saline group, the tears affected the supraspinatus exclusively; the other cases involved both supraspinatus and infraspinatus tears.
Primary Outcome: VAS Pain Scores
The mean difference between the groups was not statistically significant (P = 0.16). However, there was a trend toward greater numerical improvement in the difference of VAS scores between baseline and at 6 weeks for PRP compared with saline (Table 3) . At 6 weeks postoperatively, the mean ± SD VAS pain Eligible patients who declined to consent n=10
Eligible patients who provided consent n=25
Randomized to PRP n=12
Randomized to saline n=13
Eligible patientsInformed consent requested n=35 Figure 2 . Flow diagram of study participants. CAC, Central Adjudication Committee; PRP, platelet-rich plasma.
scores were 3.6 ± 2.2 and 3.9 ± 3.3, respectively, for the PRP and saline groups (P = 0.80) ( Table 3 , Figure 3 ). An exploratory analysis of VAS pain scores at week 6 including only eligible patients left data for 19 patients to be analyzed, as 1 patient was lost to follow-up (10 PRP, 9 saline). In this group, mean ± SD VAS pain scores were 4.0 ± 2.8 and 3.7 ± 2.8, respectively, for the PRP and saline groups (P = 0.4). Removing these patients did not change the primary outcome. Analysis of the treatment effect for standardized mean difference between baseline and week 6 between the 2 groups (1.81 points on the VAS scale) suggested that 150 patients would be required to achieve adequate study power. Analysis of the treatment effect for difference in mean at 6 weeks (0.3 points on the VAS scale) suggested that approximately 2400 more patients would be required to achieve adequate study power for this difference. Given the sample size requirements to find a difference in standardized mean difference between baseline and week 6 between the 2 groups, the trial was stopped early as initial enrollment plans would not approach adequate power.
Secondary Outcomes: HRQoL
The EQ-5D scores decreased in both groups from baseline to 2 weeks, showed improvement at week 4, and decreased again at week 6 (Table 3) . No significant difference in scores was found between the PRP and saline groups at week 6 (P = 0.2). There was also no difference in the standardized mean difference for the groups between week 2 and week 6 (P = 0.2).
In the PRP group, the WORC scores increased consistently from baseline to week 6. In the saline group, scores decreased from baseline to week 2, increased at week 4, and decreased at week 6 (Table 3) . Mean scores at week 6 were 41.2 in both groups, demonstrating no difference (P > 0.999). Standardized mean difference between week 2 and week 6 for the groups was also insignificant (P = 0.3).
In both treatment groups, the DASH scores were worse from baseline to week 2 and showed improvement at weeks 4 and 6 (Table 3) . No significant differences were seen between the PRP and saline groups for the standardized mean difference at week 6 (P = 0.9) or between week 2 and week 6 (P = 0.2) for the DASH scores.
Adverse Events and Revision Surgeries
The CAC reviewed 4 adverse events: 1 case in the saline group of excessive pain, and 3 cases in the PRP group-infection at the site of injection, hand swelling from an intravenous line, and nausea and dizziness immediately postoperative. Of these, the infection in the PRP group was classified as a superficial surgical site infection and determined to be a study event. No revision surgeries occurred in either group during the 6-week follow-up period. Given the sample size, no conclusion can be made regarding differences in adverse event frequency between the 2 groups.
discussion
At interim analysis, our study overall did not show a significant change in the standardized mean difference in VAS scores between the 2 groups at baseline and 6 weeks. In addition, our interim analysis demonstrated a lack of clinically important benefit to PRP after arthroscopic RC repair using quality of life measures at 6 weeks. Given the sample size requirements to find a difference in the standardized mean difference between the groups at the designated time points, the trial was stopped early as the initial enrollment plans would not approach adequate power. While the study could not demonstrate that the injected product influenced the pain score, the overall decrease in pain from baseline for both groups demonstrates that arthroscopic surgery to repair RC tears does provide pain relief. Five patients were confirmed by the blinded CAC to have RC tears larger than 3.0 cm, and 4 of them had pain scores documented at 6 weeks; their eventual removal from the dataset did not change the primary outcome. Secondary objectives assessing function and quality of life exhibit varying patterns. The EQ-5D scores increased and decreased in both groups at each follow-up visit, and it is not clear whether there was overall improvement or not, failing to demonstrate any statistically significant findings. Of interest, the PRP group showed slightly improved scores from baseline to 6 weeks, whereas the saline group showed slightly worsened scores. The WORC scores improved in both groups at week 6 compared with baseline, demonstrating improvement in functioning after surgical repair without any specific benefit for augmentation with PRP. The DASH scores were also relatively similar between groups, worsening immediately after surgery and improving at weeks 4 and 6. The scores at 6 weeks were very similar between the 2 groups and better in the saline group; however, the PRP group showed improvement at week 6 compared with baseline, whereas the saline group's mean score at week 6 was worsened from baseline. No revision surgeries occurred over the 6-week follow-up period; however, there were 4 adverse events. Three of these occurred in the PRP group and 1 in the saline group. The CAC determined that the infection occurring at the site of surgery after the patient's week 4 follow-up was to be considered a study event. No other adverse events were deemed to be study-related. Because of the small sample size, no conclusion can be made regarding differences in adverse event frequency between the 2 groups.
While the present study did demonstrate some slight trends in pain reduction in the PRP group, these overall findings are consistent with the mounting literature examining the use of PRP to augment arthroscopic RC repair surgeries. A randomized controlled trial by Castricini et al 7 included 88 patients who underwent arthroscopic surgery to repair a torn RC with or without an intraoperative interposition of an autologous platelet-rich fibrin matrix between the RC and bone. This study reported no difference in shoulder function between the treatment and control group using the Constant score. 7 A second study by Jo et al 15 offered patients a choice of whether to receive an interpositional PRP gel or not (control) during surgical RC repair. Nineteen patients received PRP and 23 did not. Similar to the present study, this study reported that there was no difference in pain scores or functional scores at any point during the follow-up period. 15 Both the previously mentioned studies did not use injections, but rather matrices placed between the cuff tissue and bone at the time of surgery, and this may limit comparisons with the present study. Randelli et al 20 conducted a clinical trial involving 14 patients followed for 24 months. All patients were given a PRP injection along with an autologous thrombin component intraoperatively. This study demonstrated significant decreases in VAS pain scores at 6, 12, and 24 months in comparison with preoperative scores. However, no control was used for this trial, so the results cannot be attributed to the application of PRP. 20 Randelli et al 21 completed another study involving 53 patients, again where PRP injections were given intraoperatively in combination with an autologous thrombin component. Block randomization was implemented, and a control group was added. They reported that pain scores in the PRP group were significantly lower at 3, 7, 14, and 30 days postoperatively. Similar to our findings, however, they found no difference in outcomes at day 30. They also noted that there was no difference in the healing rate of the 2 groups when captured and analyzed via magnetic resonance imaging. 21 In summary, 2 of the 3 previously conducted studies that involved a control did not report any benefit to the application of PRP intraoperatively; however, each study reported on different outcome measures, and at different time points, rendering a comparison difficult. Randelli et al 21 captured pain scores immediately postoperatively at days 3, 7, 14, and 30, allowing for major differences between the treatment and control groups to be recognized. Jo et al 15 and Castricini et al 7 did not obtain frequent functional and pain measurements postoperatively and may have missed differences between the groups. Each trial involved an individual treatment at operation; the current trial exclusively included a second injection at 4 weeks postoperatively, allowing for the exploration of further effects that PRP may have had on pain outcomes. There are several strengths in the present study. First, the patients were all randomized and blinded to their treatment groups. All study events were independently assessed by a blinded CAC. Quality of life and pain scores were collected at frequent time points postoperatively, allowing for an increased likelihood that subtle changes may be noticed; as pain is often at its highest immediately postoperatively, this is beneficial. Furthermore, the follow-up was 96% at 6 weeks.
An apparent limitation of this pilot study was the short follow-up period. Although data on pain, the primary outcome measure used for assessing the effect of PRP, were intended to be analyzed shortly after surgery, 6 weeks is an insufficient time period to capture all potential RC re-tears and revision surgeries. Another limitation of the study was the inability to screen for RC tear size before recruitment, which led to 5 patients being included with tear sizes above the 3-cm limit for inclusion. In addition, our results are primarily applicable to patients with traumatic and degenerative RC tears that are repaired initially within 18 months of diagnosis. Patients with preexisting conditions associated with upper extremity pain or systemic disorders may not have outcomes similar to those included in the present study.
conclusion
The present study demonstrated no conclusive benefit for reducing postoperative pain after augmenting arthroscopically repaired RC tears with PRP compared with saline at 6 weeks; therefore, the primary hypothesis is rejected. It failed to demonstrate that patients receiving PRP injections intraoperatively and at 4 weeks postoperatively have decreased pain and superior functional outcomes than those receiving normal saline. Identifying therapies that improve outcomes in patients with RC tears remains a challenge and deserves ongoing investigation.
